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(s?) As a method of measuring a sectional figure

of a living body by using a resonance medium in

the living body, a MRI device has been intro-

duced. However, the MRI device is not applied

to bones, teeth which are poor in resonance-

related protons, electrons and molecules. Ac-

cording to the invention, electrical, magnetic

and electromagnetic fields are applied to the

bones and teeth using a resonance medium. By

using the resonance of the resonance medium,

figure and displacement of the bones and teeth

are measured. In more detail, proton spin and

electric spin are applied to the bones and the

teeth so that the spin state is measured to

specify the figure and displacement by means
of the MRI device. Otherwise, a resonance cir-

cuit which comprises the resonance medium is

applied to the bones and teeth which changes

rotationally and linearly. The resonance circuit

changes its resonance frequency according to

the displacement of articles to be measured. As
one example, LC resonance circuit is exem-

plified which changes its inductance and

capacitance, and an antenna circuit which

changes the length.

Frequency which is changed by an oscillating

circuit is applied to the resonance circuit The
resonance frequency is read out by an output

change from the oscillating circuit influenced

by the resonance of the resonance circuit On
the basis of the resonance frequency of the

resonance circuit, the displacement of the arti-

cle are measured. Alternatively, an echo-back

method may be applied.

Fig.l
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This invention relates to a method of measuring

a figure, position and displacement of articles by ar-

tificially applying electrical, magnetic and electro-

magnetic fields, and well-suited for a dental therapy,

but not limited to the dental therapy.

As a method of magnetically measuring a sec-

tioned shape of a living body by using a resonance

medium in the living body, a MRI device has been in-

troduced. In a MRI device, a magnetic field is applied

to the living body to control the spining direction of hy-

drogen protons so as to measure the sectional figure

of the living body on the basis of the spin state (res-

onance state) by using resonance medium (mobile

hydrogen protons, hydrogen nucleus mainly in H20)

in the living body. Because the MRI device utilizes

the hydrogen protons in the living body as a reso-

nance medium, it is not possible to precisely measure

articles which lack or are short of mobile hydrogen

protons. As an example, it is not possible to precisely

measure shapes of teeth and figures of lost portions

of teeth at the time of dental therapy because of the

shortage of the mobile hydrogen protons.

In the MRI device which utilizes the resonance of

the living body, it is not possible to measure a dis-

placement (rotational and linear) of changing por-

tions in a non-living body. A potential meter has been

known to measure a displacement (rotational and lin-

ear) of changing portions in a non-living body. In this

potential meter, a resistance changes according to

the changed position of the articles, and the rotation-

al and linear displacements are measured on the ba-

- sis of the voltage change due to the increase or de-

crease of the resistance In this case, the potential

meter is electrically connected to a voltage measure-

ment device via a lead wire. It is suggested that the

voltage value measured by the potential meter is

transformed into signals which are measured by a

non-contact technique. However, a peripheral device

of the potential meter unfavorably requires a large

scaled architecture, complicated and heavy weight

structure.

According to the present invention there is pro-

vided a measurement method using resonance of a

resonance medium performed on an article which

lacks or is short of hydrogen protons such as teeth, a

prosthesis, a jaw bone in a mouth and an implant

structure, the method including the step of preparing

the article by providing the article with an MRI con-

trast medium which is rich in magnetic material and

which is fluid at least when given to the article; and

measuring the MRI contrast medium by an

MRI image device, and determining the shape of the

article on the basts of the configuration in which the

MRI contrast medium is or was in contact with the ar-

ticle.

According to the present invention there is also

provided an MRI contrast medium which is rich in

magnetic material, for supply to an article which lacks

or is short of hydrogen protons, such as teeth, a pros-

thesis, a jaw bone in a mouth and an implant struc-

ture, the medium being fluid at leastwhen given to the

article.

5 Hence, there may be provided articles such as

teeth, prosthesis, jaw bone in a mouth and implant

structure each which lacks or is short of mobile hy-

drogen protons. These articles may be covered by a

MRI contrast medium which contains a lot of magnet-

10 ic material such as mobile hydrogen protons, and

measured by a MRI device through the contrast me-

dium. That is to say, these articles are measured via

the contact surface of the contrast medium. This en-

ables one to measure the shape of the articles such

15 as teeth, prosthesis, jaw bone in a mouth and implant

structure which lack or are short of mobile hydrogen

protons.

In other words it is possible to measure the arti-

cles such as teeth, prosthesis, jaw bone in a mouth

20 and implant structure which lack or are short of mo-

bile hydrogen protons by means of the MRI device

through the MRI contrast medium.

Where the articles are prepared teeth done by

the dental therapy as an example of a preferable em-

25 bodi ment, the prepared teeth may be supplied by the

MRI contrast medium, and shapes of the prepared

teeth are measured by MRI image device. This en-

ables one to precisely measure the shapes of the

teeth without using an impression method of the prior

30 art.

On the basis of the measured shape of the tooth,

a shape of a prosthetic filler may be determined

which is applied to the tooth. On the basis of the de-

termined shape of the prosthetic filler, the prosthetic

35 filler is three-dimensionally cut to provide the pros-

thetic filler.

According to one embodiment of the invention, a

device for making crowning prosthetic filler may com-

prise: a MRI image device which measures a shape

40 of tooth which is supplied by a contrast medium rich

in mobile hydrogen protons; an electrical circuit which

measures the shape of the tooth by the MRI image

device through the contrast medium so as to deter-

mine the shape of the crowning prosthetic filler a

45 three-dimensional cutter which provides the crown-

ing prosthetic filler on the basis of the shape deter-

mined by the electrical circuit; a measurement meth-

od is provided to measure the article by using the res-

onance of the resonance medium.

so The crowning prosthetic filler may be directly

provided by the shape of the tooth obtained from the

MRI image device. This enables to precisely and

quickly manufacture the crowning prosthetic filler

compared to the prior art in which the impression

55 method is used.

A root of a tooth in which dental pulp has been re-

moved may be supplied with contrast medium rich in

mobile hydrogen protons, and measured by the MRI

2
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image device. On the basis of the data from the MRI

image device, a shape of the dental root may be

measured to determine a specific shape of a pros-

thetic filler which is supplied to the dental root From

the determined shape of the dental root the prosthet-

ic filler is provided by means of a three-dimensional

cutter.

The prosthetic filler may be directly provided

from the shape of the dental root obtained from the

MRI image device. This makes it possible to provide

a long-lasting and stable prosthetic filler compared to

the prior art in which a synthetic resin is supplied to

the dental root

A root of the tooth in which a dental pulp is re-

moved may be supplied with a contrast medium rich

in magnetic material, and measured by the MRI im-

age device. On the basis of the data from the MRI i m-

age device, a shape of the dental root is measured to

determine a shape of a prosthetic filler which is coat-

ed to the dental root From the determined shape of

the dental root the prosthetic filler is provided by

means of a three-dimensional cutter. This enables to

directly provide the prosthetic filler from the shape of

the dental root obtained from the MRI image device.

This makes it possible to provide a long-lasting and

stable prosthetic filler compared to the prior art in

which a synthetic resin is coated to the dental root

According to one embodiment of the invention,

an insert probe may be inserted in a living body, and

measured by the MRI image device. This enables one

to provide a measuring method by using the reso-

nance of the resonance medium in which the position

of the insert probe is determined.

According further to the invention, the position of

the insert probe may be measured by the MRI image

device. This enables one to significantly improve the

dental treatment technique.

According to the invention, there is also provided

a device using resonance of a resonance medium

comprising: a resonance circuit which changes fre-

quency according to displacement of the articles; a

resonant frequency measuring device provided to

measure the position of the article on the basis ofthe

resonant frequency obtained from the resonant fre-

quency measuring device. This enables to measure

the displacement of the article by non-contact means

on the baste of the resonance frequency of the reso-

nance medium. The resonance circuit is realized with

a small scaled architect and light weight structure.

A measuring device using the resonance of the

resonance medium may also comprise: a resonance

circuit provided which changes a frequency according

to displacement of the articles; a resonance frequen-

cy measuring device; a calculator device which calcu-

lates the position of the article on the basis of the res-

onance frequency obtained from the resonance fre-

quency measuring device.

A measurement device may also make it possible

to detect a displacement of the article by the reso-

nance frequency of the resonance medium.

Thus the invention may provide a method of

measuring articles which is capable of precisely

5 measuring a figure by applying a resonance medium

due to the spining action of the protons.

The invention may also provide a method of

measuring articles which is capable of precisely

measuring a figure by applying a resonance medium

10 due to the electronic spin.

The invention may also provide a method of

measuring articles which is capable of precisely

measuring a figure with an electronic device through

non-contact by applying a resonance medium. It may

15 provide a method of measuring shape, position and

displacement of the article by using the resonance of

the resonance medium (protons, electrons, molecule

and combination of these matters).

The invention will be more clearly understood

20 from the following description given by way of exam-

ple only with reference to the accompanying drawings

in which:

Fig. 1 is a plan view for explaining a MRI contrast

medium retained to a measuring cover according

25 to a first embodiment of the invention;

Fig. 2 is an upper plan view for explaining a MRI

contrast medium retained to a measuring cover

according to the first embodiment of the inven-

tion;

30 Fig. 3 is a side elevational view of a cure tooth ac-

cording to the first embodiment of the invention;

Fig. 4 is a schematic block diagram of a prosthetc

filler according to the first embodiment of the in-

vention;

35 Fig. 5 is a cross sectional view of a cavity of the

tooth in which the MRI contrast medium is provid-

ed according to a second embodiment of the in-

vention;

Fig. 6 is a cross sectional view of a root of the

40 tooth in which the MRI contrast medium is provid-

ed according to a third embodiment of the inven-

tion;

Fig. 7 is a cross sectional view of a root of the

tooth in which the prostheic filler is provided ac-

45 cording to the third embodiment of the invention;

Fig. 8 is a schematic perspective view of an im-

plant structure according to a fourth embodiment

of the invention;

Fig. 9 is a schematic perspective view of a pros-

50 thesis which is to be bonded to the implant struc-

ture according to the fourth embodiment of the

invention;

Fig. 10 is a cross sectional view of the prosthesis

in which a dental pulp is removed according to a

55 fifth embodiment of the invention;

Fig. 11 is a cross sectional view of the tooth in

which a prosthetic filler is coated to the dental

root according to the fifth embodiment of the in-

3
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vention;

Fig. 12 is a cross sectional view of the tooth in

which the MRI contrast filler is supplied accord-

ing to a sixth embodiment of the invention;

Fig. 13 is a schematic perspective view of the im- 5

plant structure according to a seventh embodi-

ment of the invention;

Fig. 14 is a schematic view of a displacement

measurement device according to a eighth em-

bodiment of the invention; 10

Fig. 15 is a block diagram of the article to be

measured according to the eighth embodiment of

the invention;

Fig. 16 is a cross sectional view of an air variable

capacitor according to the eighth embodiment of is

the invention;

Fig. 17 is a perspective view of an air variable ca-

pacitor according to a ninth embodiment ofthe in-

vention;

Fig. 18 is a perspective view of an air variable ca- 20

pacitor according to a tenth embodiment ofthe in-

vention;

Fig. 19 is a schematic view of a displacement

measuring device according to an eleventh em-

bodiment of the invention; 25

Fig. 20 is a perspective view of a variable coil ac-

cording to the eleventh embodiment of the inven-

tion;

Fig. 21 is a perspective view of a coil according

to a twelfth embodiment of the invention; 30

Fig. 22 is a schematic view of an antenna reso-

nance circuit according to a thirteenth embodi-

ment of the invention;

Fig. 23 is a schematic view of an antenna reso-

nance circuit according to a fourteenth embodi- 35

ment of the invention and;

Fig. 24 is a schematic view of an antenna reso-

nance circuit according to a fifteenth embodi-

ment of the invention.

Referring to Fig. 1 which shows a cure tooth 8 40

which is short of hydrogen protons, the tooth 8 is sup-

plied by a MRI prosthetic filler 9 according to a first

embodiment of the invention. In this instance, the

tooth is supplied by the MRI prosthetic filler 9, but the

thickness of the coating is freely selected as re- 45

quired. The shape ofthe tooth 8 is measured by a MRI

image device as shown in Fig. 4 which indicates a

schematic block diagram of a restoration device 1 to

make a tooth restoration filler 3. The restoration de-

vice 1 has a MRI device 2 and an electrical circuit 4 so

which determines the shape of the tooth restoration

filler 3 (see Fig. 3) on the basis of the information

from the dental shape obtained by the MRI device 2.

A three-dimentional cutter 5 is adapted to define the

shape of the tooth restoration filler 3. The MRI device 55

2 is a well-known structure, and having a magnetic

field generator device, a magnetic resonance reading

device which reads spin state or electronic spin state

of hydrogen protons. A shape measuring device is

provided to detect the presence of the hydrogen pro-

tons from the magnetic resonance read out by the

magnetic resonance reading device, and calculating

a shape in which the hydrogen protons are present

The calculated shape is monitored by an external dis-

play device 6. The MRI image device 2 is operated by

an operator through the electrical circuit 4 and an ex-

ternal device 7. In the MRI image device 2, the cure

tooth 8 is supplied with the MRI prosthetic filler 9, and

the shape of the MRI prosthetic filler 9 is measured

to read out the shape of the cure tooth 8. The MRI

prosthetic filler 9 is filled between the cure tooth 8

and a measurement cover device 10 which is applied

to the outer surface of the cure tooth 8 as shown in

Fig. 1 through 3. The measurement cover device 10

is provided to support the MRI prosthetic filler 9 at

both sides of the tooth 8 at the time of measuring the

shape of the tooth 8. In this instance, care should be

taken not to interfere the occlusion of the teeth par-

ticularly when examining occlusive positions such as

central ocdusion, eccentric occlusion and the like in

which a tooth 8a occludes the tooth restoration filler

3 which is applied to the cure tooth 8. When the shape

of the tooth 8 and the occlusive position are meas-

ured by the MRI image device 2, the tooth 8 is cov-

ered by the measurement cover device 10. Then the

MRI prosthetic filler 9 is supplied inside the measure-

ment cover device 1 0 so as to completely coat an out-

er surface of the tooth 8. The MRI prosthetic filler 9

includes inorganic and organic substance such as

agar, alginate, silicon rubber and hydrocarbon which

are rich in mobile hydrogen protons (mainly in H20).

The MRI prostheticfiller 9 is in the fluid (or semi solid)

state at least when placed in the mouth to coat the

cure tooth 8. The MRI prosthetic filler 9 is favorable

when it is not solidified in the mouth particularly upon

measuring the consecutive occlusive positions of the

teeth. When the MRI contrast medium is solidified in

the mouth, the solidified MRI contrast medium col-

lapses upon changing the occlusive position of the

teeth. When consecutively changing the occlusive

position of the teeth, the MRI prosthetic filler 9 may

be constantly supplied inside the measurement cover

device 10 so as to avoid the clearance around the

cure tooth 8 by using a syringe by way of an example.

When it is necessary to prevent measurement errors

due to the displacement of the patient jaw, the MRI

contrast medium may be fluid when the contrast me-

dium is in the mouth to coat the cure tooth, and con-

trast medium may preferably be solidified after coat-

ing the cure tooth. When the tooth 8 is supplied by the

MRI prosthetic filler 9, the prosthetic filler 9 is meas-

ured by the MRI device 2, and the shape of the pre-

tared tooth is detected by the figure of the prosthetic

filler 9 which is in direct contact with the cure tooth

8. It is noted that in the above description, the inner

shape ofthe MRI contrast medium 9 is measured with

4
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the cure tooth 8 covered by the MRI contrast medium

9, however, the MRI contrast medium 9 may be soli-

dified in the mouth, and the solidified medium 9 is

taken out of the mouth to be measured by the MRI im-

age processing device 2. The MRI contrast medium

9 taken out of the mouth may be supplied with a dis-

crete MRI contrast medium, and an interface be-

tween the two MRI contrast media is measure by the

MRI image processing device 2 so as to determine

the shape of the cure tooth 8. In this instance, a dis-

crete medium may be provided in an inner side of the

contrast medium 9 separated from the cure tooth so

as to indirectly measure the shape of the cure tooth

8 by way of the newty proviced medium. Thus, meas-

uring the MRI contrast medium 9 outside the mouth

makes it possible to avoid from directly applying the

MRI image processing device 2 to the client, and thus

protecting the client against psychological obtrusive-

ness intrusiveness caused from directly applying the

MR) image processing device 2 to the client When
the discrete contrast medium is supplied to the MRI

contrast medium 9, it is possible to use a MRI contrast

medium inappropriate to the mouth because the con-

trast medium is harmful to the mouth by way of illus-

tration.

In the: electrical circuit 4. the electrical circuit 4

has a tooth shape read-out device 11 which reads the

shape of the tooth from the spin state of the protons

in the MRI prosthetic filler 9. A tooth shape display

device 12 is provided to display the shape of the tooth

read out by the tooth shape read-out device 11

through a monitor device 6. By observing the shape

of the tooth on the monitor device 6. the external de-

vice 7 is operated to specify the bonding shape

matching to the cure tooth 8 by a bonding shape de-

termining function 13. By considering the occlusive

position of the teeth, the shape of the MRI prosthetic

filler 9 is simulated by the operation of the external

device 7 by an outer shape determining function 14.

From the bonding shape specified by the bonding

shape determining function 13 and the outer shape

determined by the outer shape determining function

14, the shape of the MRI prosthetic filler 9 is deter-

mined by a restoration filler shape determining func-

tion 15.

The electrical circuit 4 has a pretarlng control

function 16 which controls the three-dimensional

cutter 5 to provide an outer shape of the MRI pros-

thetic filler 9 specified by the restoration filler shape

determining function 15. The pretaring control func-

tion 16 and the three-dimensional cutter 5 enable to

provide the tooth restration filler 3 from various type

of metals, ceramic material and the like.

According to the first embodiment of the inven-

tion, the shape of the MRI prosthetic filler 9 is pre-

cisely measured by coating the cure tooth with the

MRI prosthetic filler 9 although it is difficult to directly

measure the cure tooth by the MRI image device.

From the shape of the MRI prosthetic filler 9 which

is in contact with the cure tooth 8, the shape of the

cure tooth 8 and various types of the occlusive posi-

tions between the cure tooth 8 and the tooth 8a are

5 precisely measured. From the pretared shape of the

cure tooth and information of the occlusive positions,

the shape of the tooth restoration filler 3 is deter-

mined so as to manufacture the tooth restoration fill-

er 3 by CAD (computer-aided machine). The restora-

10 tion device 1 enables to make the tooth restoration

filler 3 on the basis of the precisely measured tooth

shape without using the impression method. This

makes it possible to precisely and quickly manufac-

ture the tooth restoration filler 3 compared to the pri-

15 or art in which the impression is used in the patient

mouth.

Fig. 5 show a cross sectional view of the tooth 8

which has a cavity 17 provided on the tooth 8 at the

time of curing the tooth 8 according to a second em-

20 bodimentof the invention. The cavity 17 is filled with

the MRI prosthetic filler9,andthe shape ofthe cavity

17 is measured by using the MRI image device 2. It

is appreciated that the tooth restoration filler 3 is pre-

cisely and quickly manufactured on the basis of the

25 figure of the cavity 1 7 by using the restoration device

1 . A distance between the cavity 17 and a dental pulp

1 8 of the cure tooth 8 is measured by filling the cavity

17 with the MRI prosthetic filler 9 and using the MRI

image device 2 because the dental pulp 18 is rich in

30 mobile hydrogen protons. In the prior art in which the

pretaring amount of the cavity 1 7 and the distance be-

tween the cavity 17 and the dental pulp 18 of the cure

tooth 8 are notmeasured, the dental pulp is often pre-

tared inadvertently. According to the invention, the

35 pretaring amount of the cavity 17 and the distance be-

tween an inner wall of the cavity 17 and the dental

pulp 1 8 ofthe cure tooth 8 are measured respectively.

This apparently makes it possible to prevent the den-

tal pulp from being pretared inadvertently.

40 Fig. 6 shows a cross sectional view of the cure

tooth 8 in which the dental pulp in a pulp root canal

19 is removed by a reamer, a file or the like. Within

the pulp root canal 19 in which the dental pulp is re-

moved, the MRI prosthetic filler 9 is filled, and the

45 shape of the pulp root canal 1 9 is measured by using

the well-known MRI image device 2. By using the re-

storation device 1, tooth restoration filler 19a which

fills the pulp root canal 19 is precisely and quickly

made on the basis of the measured figure ofthe pulp

so root canal 19.

In the prior art in which a synthetic resin is pro-

vided with dental rootfrom which the dental pulp is re-

moved, tissue change and dead voids often appear

in the tooth to finally result in inflammation. With the

55 use of the MRI prosthetic fifler 9 in combination with

the MRI image device 2, it is possible to cure the den-

tal root without any tissue change and dead voids in

the tooth so as to prevent occurrence of the inflam-

5



9 EP 0 602 970 A2 10

mation.

Fig. 8 shows an implant structure 20 which is at-

tached to a jaw bone to serve as an article to be

measured according to an eighth embodiment of the

invention. The implant structure 20 is supplied by the

MRI prosthetic filler 9. By measuring the prosthetic

filler 9 with the MRI image device 2, the position and

the direction of a screw hole 22 are determined in at-

taching a prosthesis 21 to the implant structure 20.

On the basis of the position and the direction of the

screw hole 22, a throughhole 24 in which a screw 23

passes is formed on the prosthesis 21 by using the

three-dimemsional cutter such as CAD (computer-

aided machine) as shown in Fig. 9.

Fig. 10 shows the cure tooth 8 in which a pretar-

ing probe (insert probe) 31 is inserted to remove the

dental pulp 18 inside the pulp root canal 19. As one

example of curing the pulp root canal 19, the dental

pulp is exposed by pretaring the cure tooth 8. Then

the pretaring probe 31 such as a reamer, a file or the

like is inserted in the dental pulp 18. In this instance,

the pretaring probe 31 is made of flexible and mag-

netic metal or oxide of such as Fe, Co, Cu, Ni, Cr, Mn,

Sr, Sm and Nd or alloy of these magnetic metals such

as a stainless steel. Upon inserting the pretaring

probe 31 in the dental pulp 18, the MRI image device

2 is operated to show the cure tooth 8 (pulp root canal

1 9 in particular) or a section of the pulp root canal 1

9

by means of the three-dimensional structure. The

hard portions such as dentin and enamel of the cure

tooth 8 can not be measured by the MRI image device

2, the pretaring probe 31 however is measured by the

MRI image device 2 because of the electronic spin.

A gum 36, the dental pulp 1 8, the dental root 33 and

a dental root membrane 35 between the dental root

33 and alveolus bone 34 are measured by the MRI im-

age device 2 to clearly show the pretaring probe 31,

the gum 36, the dental pulp 18 and the dental root

membrane 35 on the monitor device 6.

By confirming the insert amount of the insert

probe 31, the operator reaches a leading end of the

insert probe 31 to the dental root base. Then the op-

erator manipulates a stopper (not shown) not to pro-

ceed the leading end of the insert probe 31 inside the

cure tooth 8. After the end of this manipulation, the

dental pulp 1 8 is removed by the insert probe 31 . The

operator can initiate the cure of the tooth 8 after con-

firming that the insert probe 31 reaches the dental

root base, and that the leading end ofthe insert probe

31 is not beyond the pulp root canal 19 of the cure

tooth 8. This makes it possible to readily remove the

dental pulp 1 8 without letting the probe 31 go beyond

the pulp root canal 19 and without remaining the den-

tal pulp 18 inside the cure tooth 8.

In this embodiment of the invention, the insert

amount of the pretaring probe 31 is firstly measured

to remove the dental pulp 18. Upon removing the den-

tal pulp 18, the cure tooth 8 (pulp root canal 19 in par-

ticular) is shown on the monitor device 6 by operating

the MRI image device 2, and then the dental pulp 18

may be removed from the end base of the pulp root

canal 19 while on the other hand confirming the in-

5 sert amount of the pretaring probe 31 as indicated in

Fig. 10. This also makes it possible to readily remove

the dental pulp 18 without letting the probe 31 go be-

yond the pulp root canal 19 and without remaining the

dental pulp 18 inside the cure tooth 8. This further

10 makes it possible to effectively prevent the pretaring

probe 31 from pushing out the dental pulp 18 out of

the pulp root canal 19. In measuing an inside figure

of the pulp root canal 19 from which the dental pulp

18 is removed, the inside of the pulp root canal 19 is

15 f i lied with a fluid (or semi solid) but MRI contrast me-

dium 40 which is rich in magnetic material by using

the syringe, lentulo or the like. A MRI contrast me-

dium 40 is in the fluid state at least when the outer

surface of the pulp root canal 19 is supplied by the

20 MRI contrast medium 40. After coating the pulp root

canal 19, the MRI contrast medium 40 may be solidi-

fied without keeping the fluidity. It is preferable that

the MRI contrast medium 40 may be readily removed

after measuring it by using the MRI image device 2.

25 By way of illustration, the MRI contrast medium 40

may be made by dispersing the magnetic material

into water-soluble substance such as agar, otherwise

dispersing it into the gum-like resin.

As examples of the magnetic materials, oxides or

30 the metals of Fe, Co, Ni, Cu, Cr, Mn, Sr, Sm, and Nd

are used in the powdered or ionized (chelated) form.

In the case of the minutely powdered form. Samari-

um, Cobalt, Ferrite, Alnico, Permalloy, Sendust

(trademark) and Fe-Si-B and Nd-Fe-B may be used

35 as the magnetic materials.

When the MRI image device examines the cure

tooth 8 in which the pulp root canal 1 9 is supplied with

the MRI contrast medium 40, the shape of the pulp

root canal 19 is clearly shown due to the electronic

40 spin in the MRI contrast medium 40. The electrical cir-

cuit 4 has the same structure as described in the first

embodiment of the invention. Namely, the electrical

circuit 4 includes the tooth shape read-out device 11

which reads the inner shape of the contrast medium

45 40 which is in direct contact with the cure tooth 8 on

the basis ofthe shape of the MRI contrastmedium 40

obtained by the MRI device 2. The tooth shape die-

play device 12 is provided which displays the tooth

figure read out on the monitor device 6 by the tooth

50 shape read-out device 11.Therestorationfillershape

determining function 15 is provided to determine its

shape from the outer shape defined by the outer

shape determining function 14 and the bonding

shape defined by the bonding shape determining

55 function 1 3. The electrical circuit 4 has the pretaring

control function 16 which controls the three-

dimensional cutter in order to make a tooth restora-

tion filler 19a on an output of the basis of the restor-

6
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ation filler shape determining function 15. The tooth

restoration filler 19a is made of metals, ceramic ma-

terials, hard resin and the like as seen in Fig. 7. It is

noted that an optical projector may be used when the

tooth restration filler 19a is made of the resin. It is

also noted that.the tooth restoration filler 19a is sup-

ported inside the pulp root canal 19 by means of an

adhesive as shown in Fig. 3.

According to the fifth embodiment of the inven-

tion, the pretaring probe 31 inside the pulp root canal

19 is measured through the MRI device 2 by making

the pretaring probe 31 from the magnetic material, al-

though it is usually difficult for the MRI image device

2 to measure the inside the pulp root canal 19 from

which the hard portion 32 and the dental pulp 18 is

removed because the inside of the pulp root canal 1

9

is short of the mobile hydrogen protons. This enables

to precisely remove the dental pulp 18 so as to signif-

icantly improve the dental therapeutical technique.

Instead of the resin which has been used in the prior

art, the inside of the pulp root canal 19 is filled with

the hard substance filler. This makes it possible to ef-

fectively protect the inside the tooth against the tis-

sue change and the dead voids which otherwise

would cause the inflammation for a long period of

time. With the use of the MRI contrast medium 40

and the MRI device 2, the shape of the tooth restor-

ation filler 19a is determined on the basis of the in-

side figure ofthe pulp root canal 19 so as to make the

tooth restoration filler 19a by using CAM (computer-

aided manufacturer). This enables to precisely and

quickly make the tooth restoration filler 19a.

As a modification form of the fifth embodiment

of the invention in which the pretaring probe 31 is

used to mill the dental pulp of the cure tooth, a rotary

type of a pretaring probe may be used to cure the

tooth. A candid camera, polyp removing tool, curet-

tage, extractor, catheter sonde other probe may be

used which are respectively inserted in the bone

structure, stomach, intestine, nostril, blood vessel

and the like. This is particularly effective in measur-

ing the position of the pretaring probe when it is in-

serted in the Irving body in which a dilated space is

provided by pneumatic means. This is also advanta-

geous when measuring the position of the pretaring

probe inserted in bone tissue and subnostril which

are usually thought difficult to examine by the MRI

image device. It is noted that a magnetism-laden in-

sert probe may be used, and a resin-dispersed insert

probe may be employed. It is appreciated that mag-

netism may be laden on a part of the insert probe to

confirm the specified position of the insert probe. It

is also appreciated that the MRI contrast medium 40

may be supplied to the dental pulp before removing it

to dearly examine the dental pulp 18. It is noted that

it is possible to measure the jaw bone in the mouth

which are relatively poor in the mobile hydrogen pro-

tons instead of the examples in which the shape of

the dental root and the dental pulp are measured by

means of the MRI contrast medium 40. It is further

noted that a fluid contrast medium may be employed

to thinly apply it to the article by means of splay coat-

5 ing or brushing when the MRI contrast medium 40 is

used as a magnetic material.

Fig. 1 2 shows the cure tooth 8 which has a cavity

17 provided at the time of curing the tooth 8 accord-

ing to a sixth embodiment of the invention. In the cav-

10 ity 17, the MRI contrast medium 40 is supplied to

measure the shape of the cavity 17 by the MRI image

device 2. By using the restoration device 1 of the first

embodiment of the invention, the shape of the tooth

restoration filler is precisely and quickly provided on

is the basis of the measured shape of the cavity 17.

Further, the distance between an inner wall of cavity

17 and the dental pulp 18 is measured by supplying

the MRI contrast medium 40 in the cavity 17 and

measuring its shape through the MRI image device

20 2.

Fig. 13 shows the implant structure 20 to serve

. as an article to be measured according to a seventh

embodiment of the invention. The implant structure

20 is supplied by the MRI contrast medium 40. By

25 • measuring the implant structure 20 through the MRI

contrast medium 40, it is possible to measure the di-

rection and the position of the screw hole 22 through

which the prosthesis 21 (Fig. 9) is attached to the im-

plant structure 20. On the basis of the determined

30 position and direction of the screw hole 22, the

throughhole 24 is provided with the prosthesis 21

through which the screw 23 passes to attach the

prosthesis 21 to the implant structure 20 by using the

three-dimensional cutter such as CAM (computer-

35 aided machine).

Fig. 14 shows a displacement measuring device

41 according to an eighth embodiment of the inven-

tion. The displacement measuring device 41 is pro-

vided to detect a rotational angle as one examaple of

40 a displacement factor. The displacement measuring

device 41 has an LC-resonance circuit 43 which is at-

tached to an article 42 (Fig. 1 5) which changes its an-

gle. A resonance frequency measuring device 44 is

provided to detect the resonance frequency of the

45 LC-resonance circuit 43. A calculatordevice 45 is pro-

vided to detect the rotational angle of the article 42

on the basis of the detected resonance frequency. An

indicator device 46 is provided to display the calculat-

ed rotational angle of the article 42. The article 42

so serves as a mechanical element in which a second

member 48 rbtationally moves in relative to a first

member 47.

In the LC-resonance circuit 43, a variable capac-

itor 49 and a coil 50 are provided in which the capac-

55 itor 49 changes its capacitance according to the rota-

tional movement between the second member 48

and the first member 47, The LC-resonance circuit 43

changes its resonance frequency according to the

7
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angular movement between the second member 48

and the first member 47. The variable capacitor 49 is

in the form of an air variable capacitor, and having a

plurality of stationary electrodes 51 connected to the

first member 47 and a plurality of movable electrodes

52 connected to the second member 48. The overlap-

ping area between the stationary electrodes 51 and

the movable electrodes 52 changes to vary the ca-

pacitance according to the angular movement be-

tween the second member 48 and the first member

47. It is noted that the various types of the variable

capacitors are introduced as follows:

(1) A linear capacity type which linearly changes

the capacity according to the rotational angle.

(2) A liner wave type which changes its reso-

nance wave according to the rotational angle.

(3) Alinearfrequency type which changes its res-

onance frequency according to the rotational an-

gle.

(4) An exponential type which changes its ca-

pacity, wave or frequency according to the rota-

tional angle.

Among these various types, it is readily used

when the LC-resonance circuit 43 linearly changes its

resonance frequency according to the rotational an-

gle. It is noted that the coil 50 may be selected among

air core type or magnetic core type coils. The coil 50

may be a variable coil which changes its inductance.

When the variable coil is selected, the coil acts

not to change its inductance according to the rotation-

al angle, but works to change the resonance zone of

the resonance frequency. This type enables to elim-

inate to overlap the resonance frequency among

each of the LC-resonance circuits 43 when detecting

angles of a plurality ofthe articles 42.When a station-

ary type of coil is used as the coil 50, it is possible to

change the resonance zone of the resonance fre-

quency by adding a capacitor and a coil to the LC-res-

onance circuit 43.

On the other hand, the resonance frequency

measuring device 44 is adapted to measure the res-

onance frequency of the LC-resonance circuit 43 by

using non-contact technique of a dip meteras one ex-

ample. The dip meter has an oscillating circuit 53

which transmits a consecutively changing oscillating

frequency. A current measuring device 54 is provided

to measure the intensity of current which is used to

oscillate the oscillating circuit 53. In the dip meter, the

oscillating frequency of the oscillating circuit 53 is

consecutively changed within the resonance fre-

quency zone of the LC-resonance circuit 43. When

the oscillating frequency of the oscillating circuit 53

corresponds to the resonance frequency of the LC-

resonance circuit 43, the current measured by the

current measuring device 54 drops due to the reso-

nance phenomenon. That is to say, the oscillating fre-

quency in which the current drops serves as the os-

cillating frequency of the LC-resonance circuit 43.

In the calculator device 45, the rotational angle of

the article 42 is measured on the basis of the reso-

nance frequency since the resonance frequency of

the LC-resonance circuit 43 corresponds to the rota-

5 t ionat angle of the article 42. In this instance, the ro-

tational angle of the article 42 is measured on the ba-

sis of the rotational angle and the resonance frequen-

cy previously determined by experimental test re-

sults. The rotational angle of the article 42 deter-

w mined by the calculator device 45 is displayed via the

indicator device 46. When the rotational angle of the

article 42 changes constantly, the rotational angle is

read by controlling the dip meter through a computer.

This holds true when the rotational angle of the artn

15 cle 42 changes rapidly, and a plurality of rotational an-

gles are detected concurrently. That is to say, the

sweep speed of the osci Hating circuit 53 is controlled

by the computer, and at the same time, the current,

change ofthe current measuring device 54 is read ev-

20 ery sweep by the computer. In this instance, the

sweep speed signifies to consecutively change the

oscillating frequency. On the basis of the oscillating

frequency in which the current drops, the resonance

frequency ofthe LC-resonance circuit43 is measured

25 to determine the rotational angle of the article 42. It

is noted that the rotational angle of the article 42

measured by the computer may be used as an input

signal for various types of controller devices. When

the rotational angle of the article 42 is used as the in-

30 put signal, the resonance frequency may be em-

ployed as the rotational angle of the article 42.

With the structure thus described, the capaci-

tance of the variable capacitor 49 of the LC-reso-

nance circuit 43 changes when the second member

35 48 rotates relative to the first member 47. The

changed capacitance causes to vary the resonance

frequency of the LC-resonance circuit 43. The article

42 causes to continuously change the resonance fre-

quency within the resonance frequency zone of the

40 LC-resonance circuit 43 due to the oscillating circuit

53. When the oscillating frequency of the oscillating

circuit 53 corresponds to the resonance frequency of

the LC-resonance circuit 43, the current measured by

the current measuring device 54 drops due to the res-

45 onance phenomenon. On the basis of the dropped

current, the rotational angle of the article 42 is calcu-

lated by the calculator device 45. The calculated an-

gle is displayed on the indicator device 46.

According the eighth embodiment of the inven-

50 tion, the rotational angle ofthe article42 is measured

by non-contact technique. The LC-resonance circuit

43 consists of only the variable capacitor 49 and the

coil 50 so that the whole structure of the LC-reso-

nance circuit 43 is snail scale and light weight and

55 simple in structure. That is to say, the LC-resonance

circuit 43 contributes to space-saving, cost-saving

and help to lighten the burden of the article 42 when

it is attached to the article 42.

8
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Fig. 1 7 shows the variable capacitor 49 according

to a ninth embodiment of the invention. The variable

capacitor 49 serves as a cylinder type of air variable

capacitor, and having an outer cylinder 55 connected

to the first member and an inner cylinder 56 connect- 5

ed to the second member. The overlapping area of

the outer cylinder 55 and the inner cylinder 56

changes depending on the relative movement of the

first member and the second member so as to vary

the capacitance. 10

Fig. 1 8 shows the variable capacitor 49 according

to a tenth embodiment of the invention. The variable

capacitor 49 is in the form of a slider type capacitor

which is applied to a displacement detecting device

so as to detect the movement of the first member and 1

s

the second member. The variable capacitor 49 has an

outer cylinder 61 connected to the first member and

an inner cylinder 62 connected to the second mem-

ber. A linear change of the first member and the sec-

ond member causes to vary an overlapping area be- 20

tween a stationary electrode of the outer cylinder 61

and a movable electrode of the inner cylinder 62 so

as to change the capacitance. On the basis of the

changed capacitance, the linear change of the first

member and the second member is measured in the 25

same manner as described in the ninth embodiment

of the invention. It is noted that each of the stationary

electrode and the movable electrode may be lamin-

ated like multi-layer configuration.

Fig. 19 shows a schematic view of the displace- 30

ment measuring device 41 according to an eleventh

embodiment of the invention. In the LC-resonance

circuit 43, in addition to a capacitor 49a, a variable coil

50a is employed to change its inductance depending

on the relative movement between the first member

and the second member. Hie variable coil 50a works

to measure the linear movement of the article, and

having a cylinder coil 63 connected to the first mem-

ber and a magnetic core 64 connected the second

member as shown in Fig. 20. The insert amount of the

magnetic core 64 to the coil 63 changes to vary its in-

ductance depending on the linear movement of the

first member and the second member. That is to say,

the resonance frequency of the LC-resonance circuit

43 changes depending on the linearmovement of the

first member and the second member. On the basis

of the changed resonance frequency, the linear

movement of the first member and the second mem-

ber is measured. It is noted that the capacitor em-

ployed herein may be a stationary type and a variable

type. When the variable type of capacitor is selected,

it is possible to change the resonance frequency zone

by predeterming the capacitance of the capacitor ar-

bitarity.

Fig. 21 shows a schematic view of the variable

coil 50a according to a twelfth embodiment of the in-

vention. In a resonance circuit of the twelfth embodi-

ment of the invention, the resonance circuit consists

of only the variable coil 50a without using any capac-

itor as an electronic device. The resonance circuit has

the cylinder coil 63 connected to the first member and

the magnetic core 64 connected the second member

in the same maner as described in the eleventh em-

bodiment of the invention. Although the resonance

circuit dispenses without any capacitor according to

the eleventh embodiment of the invention, the reso-

nance circuit substantially form an LC-resonance cir-

cuit when considering a setf-capacitance of the cylin-

der coil 63.

Fig. 22 shows a schematic view of an antenna

resonance circuit 70 in which a received frequency

changes depending on the movement of the article

according to a thirteenth embodiment of the inven-

tion. The antenna resonance circuit 70 has a cylinder

rod 71 connected to the first member of the article

and an elongation rod 72 connected the second

member. A linear movement of the first member and

the second member causes to change the insert

amount of the elongation rod 72 to cylinder rod 71 so

as to vary the resonance frequency (received fre-

quency). That is to say, the resonance frequency of

the antenna resonance circuit 70 changes depending

on the linear movement of the first member and the

second member. On the basis of the changed reso-

nance frequency, the linear displacement of the first

member and the second member is determined.

Fig. 23 shows a schematic perspective view of

the antenna resonance circuit 70 according to a four-

teenth embodiment of the invention. In the antenna

resonance circuit 70 according to a fourteenth em-

bodiment of the invention, there is provided a cylin-

drical body 74 connected to the first member. A plur-

ality of looped antennas 73 are disposed in the cylin-

drical body 74 at regular intervals. An elongated mag-

netic core 75 is connected to the second member, and

axially movably disposed in the cylindrical body 74. In

the antenna resonance circuit 70, the resonance fre-

quency changes depending on the insert amount of

the core 75 to the cylindrical body 74 so as to contin-

uously measure the positional relationship between

the first member and the second member even when

a leading end of the core 75 is located between the

neighboring looped antennas 73.

Fig. 24 shows a schematic perspective view ofan

antenna resonance circuit 70 according to a fifth em-

bodiment of the invention. In the antenna resonance

circuit 70 according to a fifth embodiment of the in-

vention, there is provided a cylindrical body 77 con-

nected to the first member. A plurality of coiled anten-

nas 76 are disposed in the cylindrical body 77 at reg-

ular intervals. An elongated magnetic core 78 is con-

nected to the second member, and axially movably

disposed in the cylindrical body 77.

It is observed that any type of an air variable ca-

pacitor may be used except for ones employed in the

eighth - fifteenth embodiments of the invention. A

40

45

so
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magnetically variable capacitor, poly variable capac-

itor, t rimer capacitor may be used as alternative vari-

able capacitors.

In the eleventh and twelfth embodiments of the

invention, the linear movement is measured by

changing the inductance depending on the displace-

ment of the article, it is possible to measure the rota-

tional angle by changing the capacitance depending

on the rotational movement of the article.

It is also observed that a resistor may be added

to the LC-resonance circuit in the eighth - twelfth

embodiments of the invention.

In the thirteenth - fifteenth embodiments of the

invention, the received frequency is changed accord-

ing to the linear movement of the article so as to

measure the linear displacement It is appreciated

that it is possible to change the received frequency

depending on the rotational movement of the article

so as to measure the rotational angle. It is also pos-

sible to treat the resonance frequency as a displace-

ment of the article since the resonance frequency

corresponds to the displacement of the article.

In the above embodiments of the invention, the

resonance frequency is measured by supplying vol-

tage to the oscillating circuit It is possible to generate

pulse signals (in the form of rectangular wave) at the

resonance frequency measurement device. This

makes it possible to measure a length of echo due to

the resonance of the resonance circuit In this in-

stance, it is also possible to adop the echo-back

method in which an intensity of the echo is measured

to detect the resonance frequency. It is noted that a

high frequency bridge measurement method may be

adopted.

It is further noted that it is possible to transmit the

resonance frequency from the resonance circuit so

that the resonance frequency measuring device re-

ceives the resonance frequency.

The resonance circuit is made from the electronic

device in the above embodiments of the invention,

the resonance circuit may be made from molecular

level and crystallization body. In this instance, L, LC

and LCR resonance circuit may be made of the mo-

lecular level and the crystallization body, or other-

wise the circuit may be made of an equivalent circuit

These types of the circuits are well-suited for sensors

of micromachines.

While the invention has been described with ref-

erence to the specific embodiments, it is understood

that this described is not to be construed in a limiting

sense in as much as various modifications and addi-

tions to the specific embodiments may be made by

skilled artisan without departing from the spirit and

scope of the invention.

Claims

1 . An MRI contrast medium which is rich in magnet-

ic material, for supply to an article which lacks or

s is short of hydrogen protons, such as teeth, a

prosthesis, a jaw bone in a mouth and an implant

structure, the medium being fluid at least when

given to the article.

10 2. A measurement method using resonance of a

resonance medium performed on an article

which lacks or is short of hydrogen protons such

as teeth, a prosthesis, a jaw bone in a mouth and

an implant structure, the method including the

15 steps of.

preparing the article by providing the arti-

cle with an MRI contrast medium which is rich in

magnetic material and which is fluid at leastwhen

given to the article; and

20 measuring the MRI contrast medium by an

MRI image device, and determining the shape of

the article on the basis of the configuration in

which the MRI contrast medium is or was in con-

tact with the article.

25

3. An MRI contrast medium according to claim 1 or

a measurement method according to claim 2

wherein the MRI contrast medium is retained

around the article by a measurement coverwhich

30 covers the article.

4. A measurement method according to claims 2 or

3 wherein the article is a cure tooth which is pre-

pared at the time of treating the tooth, the tooth

35 being supplied with the MRI contrast medium,

and a shape of the prepared tooth being meas-

ured by the MRI image device.

5. A measurement method according to claim 2, 3

40 or 4 wherein the article is a cure tooth which is

prepared at the time of treating the tooth, the

tooth being supplied with the MRI contrast me-

dium, and a distance between a preparing posi-

tion and a dental pulp of the cure tooth being

45 measured by the MRI image device.

6. The measurement method according to claim 2,

3, 4 or 5 wherein the MRI contrast medium is lo-

cated between an upper tooth and a lower tooth,

50 and measured by the MRI image device so as to

determine a central occlusive position and an ec-

centric occlusive position of the upper and lower

teeth.

55 7. A measurement method according to any one of

claims 2 to 6 wherein the article is an implant

structure which is to be attached to a jaw bone,

the implant structure being supplied with the

10
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MRI contrast medium to determine a bonding

position in which a prosthesis is attached to the

implant structure by using the MRI image device.

8. A measurement method according to any one of 5

claims 2 to 7 wherein the article is a dental root

of the cure tooth from which a dental pulp is re-

moved, the dental root being supplied with the

MRI contrast medium, and a shape of the dental

root being measured by the MRI image device. 10

9. A method for forming a prosthetic filler in which

a prepared tooth is supplied with an MRI contrast

medium, which is rich in magnetic material, and

is measured by an MRI image device, the shape is

of a tooth restoration filler being determined by

measuring the preparing shape of the tooth on

the basis of the MRI contrast medium which is

measured by the MRI image device, the tooth re-

storation filler being manufactured by a three- 20

dimensional cutter on the basis of the measured

preparing shape of the tooth.

10. A device for making a tooth crowning filler com-

prising: an MRI image device which measures a 25

cure tooth supplied with an MRI contrast medium

which is rich in magnetic material; an electrical

circuit which determines the shape of the cure

tooth on the basis of the MRI contrast medium

measured by the MRI image device; and a three- 30

dimensional cutter which forms a tooth crowning

filler on the basis of the shape of the cure tooth

which is determined by the MRI image device.

11. A method for forming a prosthetic filler for a den- 35

tal root of a cure tooth form which a dental pulp

is removed, the dental root being supplied with an

MRI contrast medium which is rich in magnetic

material, and which is measured by a MRI image

device, the shape of a tooth restoration filler be- 40

ing determined by measuring a shape of the den-

tal root on the basts of the MRI contrast medium

which is measured by the MRI image device, the

tooth restoration filler being manufactured by a

three-dimensional cutter on the basis of the 45

shape of the dental root

12. A method, device or MR) contrast medium ac-

cording to any preceding claim wherein the mag-

netic material comprises hydrogen protons. so

13. A method, device or MRI contrast medium ac-

cording to arty preceding claim wherein supplying

the article with the contrast medium comprises

coating the article with the contrast medium. 55

14 A measurement method using resonance of a

resonance medium in which an insert probe is

made from magnetic material and is to be insert-

ed in a living body, the insert probe being meas-

ured by a MRI image device so as to determine

a position of the insert probe in the Irving body.

15. A measurement method according to claim 14

wherein the insert probe is a preparing tool which

removes a dental pulp of a cure tooth.

16. A measurement device using resonance of a res-

onance medium comprising: a resonance circuit

which changes frequency according to a dis-

placement of an article; a resonant frequency

measuring device provided to measure a position

of the artide on the basis of the resonant fre-

quency obtained from the resonant frequency

measuring device.

17. A measurement device according to claim 16 fur-

ther comprising: a calculator device which calcu-

lates a position of the article on the basis of the

resonant frequency obtained from the resonant

frequency measuring device.

18. A measurement device according to claim 16 or

17 wherein the resonant circuit is an LC-reso-

nance circuit which changes its capacitance ac-

cording to the displacement of the article and/or

comprises an air variable capacitor which

changes its capacitance according to the dis-

placement of the article and/or an LC-resonance

circuit which changes its inductance according to

the displacement of the article.

19. A measurement device according to any one of

claims 1 6 to 1 8 wherein the article comprises two

members, each of which is movable to form rota-

tional angles so as to change the resonant fre-

quency of the resonant circuit according to the ro-

tational angle between the two members.

20. A measurement device according to any one of

claims 1 6 to 1 9 wherein the article comprises two

members, each of which is movable to change

the distance between the two members so as to

change the resonant frequency of the resonant

circuit according to the distance between the two

members.

21. A measurement device according to any one of

claims 16 to 20 wherein the resonant frequency

measuring device comprises: an oscillating cir-

cuit for transmitting a continuously changing os-

cillating frequency; and a current measuring de-

vice for measuring an intensity of current sup-

plied to the oscillating circuit so as to detect a res-

onant frequency of the resonant circuit according

to change of the current measured by the current

11
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measuring device.

22. A measurement device according to any one of

daims 16 to 21 wherein the resonant circuit is an

antenna resonant circuit which changes a re- 5

ceived frequency according bo the displacement

of the article.

23. A measurement device according to claim 22

wherein the antenna resonance circuit is a rod 10

type antenna which changes a length according

to the displacement of the article.

24. A measurement device according to claim 22 or

23 wherein the antenna resonance circuit com- is

prises: a cylindrical body in which a plurality of

looped antennas are disposed at regular inter-

vats; and a magnetic core disposed in the looped

antennas of the cylindrical body, so that in use,

the resonant frequency changes according to 20

how much the magnetic core is inserted into the

looped antennas of the cylindrical body.

25. A measurement device according to claim 22, 23

or 24 wherein the antenna resonance circuit com- 25

prises: a cylindrical body in which a plurality of

coiled antennas are disposed at regular intervals;

and a magnetic core disposed in the coiled an-

tennas of the cylindrical body, so that in use, the

resonant frequency changes according to how 30

much the magnetic core is inserted into the

coiled antennas of the cylindrical body.

35

40

45

so

55
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(57) As a method of measuring a sectional figure

of a living body by using a resonance medium in

the living body, a MRI device has been intro-

duced. However, the MRI device is not applied

to bones, teeth which are poor in resonance-

related protons, electrons and molecules. Ac-

cording to the invention, electrical, magnetic

and electromagnetic fields are applied to the

bones and teeth using a resonance medium. By
using the resonance of the resonance medium,
figure and displacement of the bones and teeth

are measured. In more detafl, proton spin and

electric spin are applied to the bones and the

teeth so that the spin state is measured to

specify the figure and displacement by means
of the MRI device. Otherwise, a resonance cir-

cuit which comprises the resonance medium is

applied to the bones and teeth which changes

rotationaliy and linearly. The resonance circuit

changes its resonance frequency according to

the displacement of articles to be measured. As
one example, LC resonance circuit is exem-
plified which changes its inductance and

capacitance, and an antenna circuit which

changes the length.

Frequency which is changed by an oscillating

circuit is applied to the resonance circuit The
resonance frequency is read out by an output

change from the oscfllating circuit influenced

by the resonance of the resonance circuit On
the basis of the resonance frequency of the

resonance circuit, the displacement of the arti-

cle are measured. Alternatively, an echo-back

method may be applied.

Fig. 1
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